Introduction {#s0}
============

Non-small cell lung cancer (NSCLC) accounts for approximately 80% of all lung cancers, which is the leading cause of cancer deaths worldwide ([@b1]). Although conventional chemotherapy remains as the main treatment regimen for the majority of advanced NSCLC patients, the identification of specific genetic oncogenic abnormalities has led to the development of new targeted therapies within a subset of NSCLS patients ([@b2]). Fusion of the echinoderm microtubule-associated protein like-4 (EML4) and anaplastic lymphoma kinase (ALK), which accounts for 2-11% of NSCLC cases, represents another distinct mechanism of driver mutation in NSCLC, following EGFR mutation ([@b3]-[@b5]). Several clinical trials have demonstrated the remarkable efficacy of Crizotinib for the treatment of locally advanced or metastatic NSCLC patients who harbor ALK rearrangements ([@b6],[@b7]). Three methods have been applied for discriminating ALK (+) NSCLC, including fluorescent in situ hybridization (FISH), quantitative real-time polymerase chain reaction (qRT-PCR), and a novel fully automated immunohistochemistry (IHC), Ventana ALK-D5F3 IHC ([@b8],[@b9]).

Our previous study disclosed the novel fully automated Ventana ALK-D5F3 IHC is a highly sensitive (100%) and specific (98%) method for the detection of ALK rearrangements in primary lung adenocarcinoma and is especially suitable for paraffin-embedded tissue ([@b10]-[@b12]). We also found positive responses to Crizotinib in patients with ALK positive lung adenocarcinoma who tested Ventana IHC-positive and FISH-negative (in press), and surprisingly found a novel fusion gene in ALK Break-Apart FISH-Negative but Ventana-IHC positive lung Adenocarcinoma ([@b13]).However, the screening efficacy of Ventana-D5F3 IHC method on large-scale Chinese Han population needs to be further evaluated, and few literature involves in it.

Besides, in terms of the clinicopathological characteristics of ALK (+) NSCLC, several studies have investigated the predictive value of pathological and morphological features in detecting ALK-rearranged tumors ([@b14]), and few studies used the new International Association for the Study of Lung Cancer, American Thoracic Society, and European Respiratory Society (IASLC/ATS/ERS) classification in the comparative analysis ALK (+) lung adenocarcinoma ([@b15],[@b16]). So, it is necessary to observe the clinical and pathological characteristics of ALK (+) lung adenocarcinoma by application of 2011 IASLC/ATS/ERS new classification of lung adenocarcinoma.

The aim of this study was: (I) to screen and detect ALK rearrangements by Ventana ALK-D5F3 IHC in a large cohort of primary lung adenocarcinoma patients from Chinese Han population; (II) to compare clinicopathological features between ALK (+) and ALK (−) lung adenocarcinoma based on the 2011 IASLC/ATS/ERS classification and other clinicopathological characters.

Materials and methods {#s2}
=====================

. Case selection and histological analysis {#s2-1}
------------------------------------------

This study was a retrospective study, which had been approved by the hospital ethics committee to exempt patient's informed consent. All pathologically diagnosed pulmonary adenocarcinoma (or mixed adenocarcinoma) surgical resection specimens were consecutively collected from the Department of Pathology of the Cancer Hospital, Chinese Academy of Medical Sciences from July 2013 to September 2014. Clinicopathological data were extracted from medical archives, including the patient's age, sex, tumor size, lymph node metastasis, AJCC 7th clinical stage, available radiologic images, surgical findings, and treatment by Crizotinib. Histological subtype and differentiation degree were reviewed and distinguished by two experienced pathologists according to the 2011 IASLC/ATS/ERS international multidisciplinary classification of lung adenocarcinoma (Kappa=0.7). A total of 1, 504 cases were classified according to dominant components, which included adenocarcinoma in situ (15 cases, 1%), minimally invasive adenocarcinoma (6 cases, 0.4%), lepidic adenocarcinoma (140 cases, 9.3%), papillary adenocarcinoma (231 cases, 15.4%), acinar adenocarcinoma (850 cases, 56.5%), solid adenocarcinoma with mucin produced (179 cases, 11.9%), mucinous adenocarcinoma (39 cases, 2.6%), micropapillary adenocarcinoma (13 cases, 0.9%), adenosquamous carcinoma (18 cases, 1.2%), enteric type adenocarcinoma (3 cases, 0.2%), mixed adenocarcinoma and small cell carcinoma (adeno-SCLCs, 4 cases, 0.3%), and sarcomatoid carcinoma (6 cases, 0.4%). For statistical purposes, special type was created, which consisted of a total of 44 cases, including 18 adenosquamous carcinomas, 13 micropapillary adenocarcinomas, 6 sarcomatoid carcinomas, 4 mixed adeno-SCLCs, and 3 enteric adenocarcinomas. The lepidic pattern comprised a total of 161 cases, including 140 lepidic adenocarcinomas, 15 adenocarcinomas in situ, and 6 minimally invasive adenocarcinomas.

Ventana IHC staining and scoring {#s2-2}
--------------------------------

Preprocessing procedures of specimens were as follows: surgically resected tissues were fixed in 10% neutral formalin for 6-48 h at 10 times the volume of the tissue liquid, and then embedded in paraffin. Two consecutive 4-μm-thick sections were cut; one section was used in ALK-D5F3 IHC analysis, and the other for routine negative control staining for a matched rabbit monoclonal negative Ig antibody. All sections were heated to 62 ℃, and then subjected to the fully automated IHC assay developed by Ventana using the pre-diluted Ventana anti-ALK (D5F3) rabbit monoclonal primary antibody, together with the Optiview DAB IHC detection kit and Optiview Amplification kit on the Benchmark XT stainer. According to the manufacture's scoring algorithm, a binary scoring system (positive or negative for ALK status) was adopted for the evaluation of staining results. The presence of strong granular cytoplasmic staining in tumor cells (any percentage of positive tumor cells) was deemed ALK-positive, whereas the absence of strong granular cytoplasmic staining in tumor cells was designated as ALK-negative ([*Figure 1*](#Figure1){ref-type="fig"}). Negative quality control sections were first evaluated to remain unstained, and false positive staining should be excluded for alveolar macrophage cytoplasm, neurogenic cells (nerve and ganglion cells), normal mucosa and alveolar epithelial cell coloring, necrotic material non-specific coloring etc.

![lung adenocarcinoma (A, C, HE staining, 10×) presented ALK-D5F3 strong granular cytoplasmic staining in tumor cells (B, 10×, immunohistochemistry). (D) showing no positive staining in tumor cells was designated as ALK-negative (10×, immunohistochemistry). ALK, anaplastic lymphoma kinase.](cjcr-28-5-495-g001){#Figure1}

Follow-up of ALK (+) patients {#s2-3}
-----------------------------

All patients were consecutively enrolled in this study from July 2013 to September 2014, and a follow-up for the ALK (+) patients was made from July 2013 to April 2015, with a period of one to twenty one months.

Statistical methods {#s2-4}
-------------------

We used independent sample t test , Chi-square test, or Fisher's exact test to compare frequency of clinicopathological characters between ALK (+) and ALK (−) groups. Multivariate logistic regression was also performed to detect correlation of ALK positive staining with clinicopathological characters. The statistical analyses were conducted using SPSS version 17.0 software (SPSS, Chicago, IL, USA), and statistical significance was set as P\<0.05.

Results {#s3}
=======

Positive rate of ALK and clinically related features {#s3-1}
----------------------------------------------------

A total of 1, 504 sections from primary lung adenocarcinoma patients were available for analysis, of which 100 (6.6%) were identified as ALK-positive by ALK-D5F3 Ventana IHC, including 47 males and 53 females, with the average age of 54 years. Among these, 3 cases were within the second decade of life (accounting for 3%), 7 cases the third decade (7%), 21 cases the forth decade (21%), 35 cases the fifth decade (35%), 26 cases the sixth decade (26%), and 8 cases the eighth decade (8%). Smoking history and family history of cancer were retrieved from medical archives, 35% cases has a history of smoking (35/100), 25% (25/100) with family history of cancer, including 10 lung cancer family history (40%, 10/25).

Correlation between ALK-positive expression and clinicopathological characteristics {#s3-2}
-----------------------------------------------------------------------------------

The associations between ALK positive expression and clinicopathological characteristics are listed in [*Table 1*](#Table1){ref-type="table"}, and those cases without complete records of lymph node metastasis \[8 ALK (+) out of 101, 8/101\], T staging (4/36) or clinical staging (4/81) were excluded in the statistics. The ALK-positive group was significantly younger than the negative group (P\<0.05), whereas no significant differences in gender were observed (P\>0.05). In terms of histological types, the rate of positive expression in mucinous adenocarcinoma (28.2%) was the highest, followed by the solid type (11.7%), specific type (6.8%), papillary type (5.6%), acinar type (5.5%), and lepidic type (3.1%), and the differences were statistically significant (χ^2^=42.011, P\<0.05). In terms of differentiation degree, the rate of positive expression in poorly differentiated adenocarcinoma (9.8%) was significantly higher than that in moderately differentiated adenocarcinoma (7.5%) and in highly differentiated adenocarcinoma (3.2%) (χ^2^=11.618, P\<0.05). The rate of positive expression in adenocarcinoma with lymph node metastasis (10.8%) was significantly higher than that in adenocarcinomas without lymph node metastasis (4.5%) (χ^2^=19.809, P\<0.05). In terms of clinical stage (AJCC 7th ed.), the rate of positive expression of phase IV (20%) was significantly higher than that in phase III (12.9%), phase II (4.2%), phase I (4.5%), and phase 0 (0) (χ^2^=36.068, P\<0.05), whereas for the T stage, no significant differences in the rate of positive expression were observed among T4 (10.9%), T3 (12.1%), T2 (6.4%), T1 (5.8%), and Tis (0) (χ^2^=8.020, P=0.09) ([*Table 1*](#Table1){ref-type="table"}).

###### 

Predictive factors of ALK translocation in lung adenocarcinoma cases: single factor analysis

  Clinicopathological characteristics   ALK-D5F3      \%           P value   
  ------------------------------------- ------------- ------------ --------- --------
  Age                                   54.25±10.97   59.32±9.36   \-        \<0.05
  Gender                                                                     \>0.05
  Male                                  47            625          6.9       
  Female                                53            779          6.4       
  Histology                                                                  \<0.05
  Solid                                 21            158          11.7      
  Lepidic                               5             156          3.1       
  Papillary                             13            218          5.6       
  Acinar                                47            803          5.5       
  Mucinous                              11            28           28.2      
  Specific                              3             41           6.8       
  Differentiation                                                            \<0.05
  Poorly                                17            156          9.8       
  Moderate                              70            858          7.5       
  High                                  13            390          3.2       
  LN Metastasis                                                              \<0.05
  Negative                              43            907          4.5       
  Positive                              49            404          10.8      
  T staging                                                                  0.091
  0                                     0             8            0         
  T1                                    29            463          5.8       
  T2                                    49            765          6.0       
  T3                                    12            87           12.1      
  T4                                    6             49           10.9      
  AJCC staging                                                               \<0.05
  0                                     0             8            0         
  I                                     40            840          4.5       
  II                                    7             161          4.2       
  III                                   45            302          12.9      
  IV                                    4             16           20.0      

As for correlation of ALK positive staining with clinicopathological characters, we conducted a multivariate logistic regression simultaneously. The ALK staining status was deemed as a dependent variable, and clinical stage, lymph node metastasis, differentiation degree and histological type were independent variables. Besides, the histological types were set dummy variable with the reference of solid subtype. It showed in the multivariate logistic regression that the more advanced staging, the higher possibility of ALK-positive expression; the mucinous adenocarcinoma was higher than that of the solid subtype, and no difference was found among solid subtype, lepidic, papillary, specific type and acinar subtype. In terms of lymph node metastasis, we found that ALK-positive expression was significantly higher in lymph node metastatic adenocarcinoma than that of those without lymph node metastasis in a univariate analysis, although no statistical significance was observed in multivariate factor analysis. Similarly, the correlation between the differentiation degree and the positive expression of ALK was same as the lymph node metastasis. On the contrary, patient age, AJCC staging, and histological type were all statistically significant both in the univariate and multivariate analyses, suggesting that these were independent relevant factors of ALK-positive expression ([*Table 2*](#Table2){ref-type="table"}).

###### 

Multivariate logistic regression of ALK expression and clinical data

  Clinicopathological characteristics   B        SE      Wald     df   Sig      OR      95% CI of OR   
  ------------------------------------- -------- ------- -------- ---- -------- ------- -------------- --------
  Age                                   -0.042   0.012   13.285   1    0.000    0.959   0.937          0.981
  Gender                                -0.412   0.899   0.210    1    0.647    0.662   \-             \-
  Histology                             \-       \-      18.897   5    0.002    \-      \-             \-
  Lepidic                               -0.216   0.680   0.100    1    0.751    0.806   0.212          3.059
  Papillary                             -0.193   0.463   0.174    1    0.676    0.824   0.333          2.043
  Acinar                                -0.451   0.673   0.449    1    0.503    0.637   0.170          2.383
  Specific                              -0.191   0.380   0.253    1    0.615    0.826   0.393          1.739
  Mucinous                              1.617    0.532   9.220    1    0.002    5.036   1.774          14.295
  LN metastasis                         -0.023   0.432   0.003    1    0.958    0.977   0.419          2.279
  Differentiation                       -0.282   0.274   1.055    1    0.304    0.755   0.441          1.291
  AJCC staging                          0.456    0.233   3.842    1    0.0495   1.578   1.000          2.490
  Constant                              -0.412   0.899   0.210    1    0.647    0.662   \-             \-

Follow-up and treatment of Stage IV ALK-positive patients {#s3-3}
---------------------------------------------------------

All patients were consecutively enrolled in this study from July 2013 to September 2014, and we conducted a follow-up for the 100 ALK (+) patients from July 2013 to April 2015, with a period of one to twenty one months. Four advanced cases of Stage IV were ALK-D5F3 positive at the beginning of follow-up, with one other ALK (+) case of Stage IIIa progression into Stage IV during the follow-up period. All of the above five advanced or metastatic cases were treated by ALK-inhibitor targeted therapy according to the guideline ([@b9]), and received partial response (PR) or stable disease (SD), except for case number 4, who died due to posterior meninges metastasis (*[Table 3](#Table3){ref-type="table"},[Figure 2](#Figure2){ref-type="fig"}*). The other 95 ALK (+) patients were Stage I-Stage III, and were not suitable for targeted therapy of ALK-inhibitor.

###### 

Information of five cases received targeted therapy by Crizotini

  Case No.   Age/gender   Clinical stage   Histological subtype   Duration of treatment   Treatment effect
  ---------- ------------ ---------------- ---------------------- ----------------------- ------------------
  Case 1     24/M         T4NxMx           Solid AD               21M                     PR
  Case 2     43/F         T2N2M0           Mucinous AD            8M                      SD
  Case 3     52/F         T4N2Mx           Acinar AD              10M                     PR
  Case 4     50/M         T2N2M0           Papillary AD           6M                      SD
  Case 5     64/F         TxNxM1           Papillary AD           20M                     PR

![Male, 24 years. Right lung cancer with intrapulmonary metastasis, pleural effusion and bone metastasis (clinical stage IV). Thoracotomy biopsy indicated solid predominant adenocarcinoma (A, 10×, HE staining), ALK-D5F3 positive (B, 10×, immunohistochemistry). CT scan indicated right pulmonary consolidation and multiple small pulmonary nodules (C) was significantly reduced by taking ALK-inhibitors for 2 months, with an efficacy assessment of PR (D).](cjcr-28-5-495-g002){#Figure2}

Discussion {#s4}
==========

ALK fusion is one of the newest tyrosine-kinase targets in NSCLC. It is aberrantly activated due to a chromosomal rearrangement that leads to the expression of an oncogenic fusion kinase, ALK fusion protein, which can be beneficial for ALK inhibitor treatment ([@b3]). ALK fusion NSCLC is diagnosed when the ALK fusion gene or protein is detected by FISH, RT-PCR, and specific immunohistochemistry ([@b9]).FISH has been utilized for the detection of ALK fusion gene, particularly in determined whether the patient will benefit from ALK-targeted therapy. However, extensive research on the applicability of the ALK fusion protein has determined that some FISH results are false negative, which in turn dissuades the oncologist to administer targeted therapy ([@b17]). According to our previous studies, the Ventana ALK fully automated IHC detection method has been determined to be of 100% sensitivity and almost 100% specificity ([@b10],[@b12]), and it has also been determined to be more useful in lower cost, efficacy for detection and interpretation, and suitability for clinical screening and diagnosis in large study populations, especially in paraffin-embedded tissues ([@b9]). Using the Ventana method in this study, we successfully identified 100 ALK-positive cases from 1, 504 consecutive surgical specimens of primary lung adenocarcinoma in one single center from July 2013 to September 2014. The center was determined to have an ALK (+) adenocarcinoma incidence rate of 6.6%, which is within the range reported in literatures in Western or other Asian Countries ([@b18]-[@b20]), and consistent with our smaller sample detected by FISH before ([@b10],[@b12]). The results indicated that Ventana-D5F3 IHC is a valid alternative method to detect ALK (+) NSCLC.

In NSCLC, ALK rearrangement is associated with distinct clinicopathologic features, including young age at onset and adenocarcinoma histology in patients with a history of never smoking or light smoking and no indication of an EGFR mutation ([@b17]-[@b19]). Generally, most of the clinicopathologic features of ALK-positive patients in the present study were similar to that of previous studies, including younger age and high grade clinical staging ([@b18]-[@b20]). However, we found differentiation degree and lymph node metastasis were correlated with ALK-positive expression in a univariate analysis, while no statistical significance was observed in the multivariate factor analysis. Further study is needed to disclose the correlation between ALK positive staining with lymph node metastasis.

In clinicopathological practice, we know that lung adenocarcinoma is highly variable and shows extensive heterogeneity ([@b21]). The 2011 IASLC/ATS/ERS multidisciplinary adenocarcinoma classification and the 2015 WHO classification of lung adenocarcinoma divides invasive lung adenocarcinoma into five major different histological subtypes and other specific subtypes ([@b15]). Whether different histological subtypes of adenocarcinoma are correlated with the positive expression of ALK? In other words, are there any differences in ALK-positive expression based on various histological morphology? The general perception is that poorly differentiated adenocarcinoma, accompanied by trabecular structure, extracellular mucus secretion, or signet ring cells show a higher positive expression of ALK fusion gene or protein (14, 19, 22). In the present study, we observed that the ALK-positive rate in mucinous adenocarcinoma was higher than that of solid predominant adenocarcinoma, although no significance was observed between solid predominant adenocarcinoma and other subtypes, including lepidic, papillary, acinar, micropapillary, adenosquamous carcinoma. To our knowledge, this is the first report that examined the correlation between ALK-positive expression and the 2011 multidisciplinary lung adenocarcinoma classification by Ventana IHC in large-scale screening of surgical specimens. The present study also showed that the ALK fusion protein is present in almost all kinds of adenocarcinoma, and such characters as "younger, mucinous adenocarcinoma, or containing signet ring cell component" are not specific or exclusively positive for ALK fusion gene or protein. Thus, routine screening of ALK (+) cases from NSCLC is very important in clinical practice, and the Ventana-IHC is the feasible screening method especially for paraffin tissue blocks. These features have been used as the theoretical bases for the CFDA approval of Ventana-IHC in screening and diagnosing ALK (+) NSCLC for Crizotinib targeted therapy ([@b9]).

In summary, the present study screened ALK fusion protein by Ventana-IHC in a large cohort of Chinese Han Population, and established the correlation with ALK fusion protein expression and clinicopathological characters mainly based on the 2011 multidisciplinary classification of lung adenocarcinoma for the first time.

Conclusions {#s5}
===========

The ALK fusion protein was seen in 6.6% Chinese NSCLC patients, and mostly seen in younger, clinically higher staging, mucinous and solid predominant adenocarcinoma. Small-scale clinical trials indicated feasibility of ALK-positive candidates for molecular targeted therapy, and further study will be explored in efficacy of Ventana-IHC in determining targeted therapy of ALK-inhibitors.
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